Introduction
Idiopathic ventricular tachycardias (VTs) may originate from several sites in the left ventricle (LV). 1, 2 It was shown recently that the LV papillary muscles (PMs) can give rise to ventricular arrhythmias (VAs) in patients without structural heart disease, and radiofrequency (RF) catheter ablation can cure these VAs. [3] [4] [5] However, the PMs are complex structures, and VAs originating from them can be difficult to ablate. Previous studies reported that various cardiac imaging modalities, such as intracardiac echocardiography 6 and cardiac magnetic resonance (CMR) imaging, were useful for detecting the origin of idiopathic VTs. 7 We report the case of a patient with VT originating from the top of the LV posterior papillary muscle (PPM) near the chordae tendineae, which was successfully eliminated by catheter ablation guided by 3-dimensional intracardiac echocardiography and confirmed by CMR imaging after ablation.
Case report
A 48-year-old man was admitted to our hospital because of ventricular tachycardia (VT). His chief complaint was palpitations during the VT; however, his hemodynamic status was stable. He had no structural heart disease or family history of sudden cardiac death. Twelve-lead ECG during the VT showed QRS complexes with right bundle branch block-type morphology and left-axis deviation, suggesting an LV posterior origin of the VT ( Figure 1A ). VT cycle length was 310 ms. Verapamil infusion was not effective in terminating the VT. After spontaneous termination of the VT, transthoracic echocardiography demonstrated a reduced left ventricular ejection fraction (LVEF) of 40%.
Electrophysiologic study and catheter ablation were performed the day after admission. Programmed ventricular stimulation with intravenous isoproterenol infusion easily induced the clinical VT. However, burst pacing from the right atrium and both ventricles during VT could not entrain the tachycardia. Therefore, the VT mechanism was thought to be abnormal automaticity or triggered activity rather than reentry. The LV activation map was constructed during VT using an electroanatomic mapping system (CARTO 3, Biosense Webster, Diamond Bar, CA) and a 3-dimensional intracardiac echocardiography image integration system (CARTOSOUND, Biosense Webster). The activation map showed that the earliest activation site during VT was located near the PPM (Figures 1B and 1C) . The local bipolar electrogram at that site preceded QRS onset by 40 ms. An excellent pace-map was obtained at this site. After detailed mapping, RF energy was delivered to that site using a 3.5-mm-tip open-irrigated ablation catheter (Navi-Star ThermoCool, Biosense Webster) and irrigated RF power, which was titrated up to 45 W. Care was taken to limit the temperature to o431. However, VT with a slight change in QRS morphology was sustained after the first ablation. The site of earliest activation moved to another site near the first ablation lesion, where the local bipolar electrogram preceded QRS onset by 34 ms ( Figure 1D ). A good pace-map was obtained at this site. The tip of the ablation catheter was touching the top of the LV PPM near the chordae tendineae (Figures 2A and 2B ). While monitoring with CARTOSOUND to ensure stable contact of the catheter tip with the top of the LV PPM near the chordae tendineae, this VT was eliminated immediately after delivery of RF energy at that site. A bonus ablation was added at an adjacent site ( Figure 3 ). The total RF time was 645 seconds. Subsequently no VAs could be induced by programmed electrical stimulation during isoproterenol infusion.
CMR imaging performed on the fifth day after ablation (1.5 T, 10-mm slices) identified the ablation site by delayed enhancement that was confined to the top of the LV PPM ( Figure 2C ). The patient has now remained free of VTs/VAs, and his LVEF had improved to 60% at 6-month follow-up without any significant mitral regurgitation.
Discussion
Previous reports revealed that endocavitary structures including PMs in the LV have arrhythmogenicity and harbor the substrate for VTs in patients with or without structural heart disease. 5 Yokokawa et al 8 reported that RF ablation was acutely effective in eliminating VTs/VAs originating from the PMs in 78% of study patients. Yamada et al 9 reported the ECG and electrophysiologic characteristics of idiopathic VAs originating from PMs in the LV. In their study, most idiopathic VAs originating from PMs were eliminated by catheter ablation. However, 2 procedures failed, and VAs recurred in 58% of the study subjects during long-term follow-up. Possible reasons for the results include lack of identification of the precise origin of the VAs and difficulty in maintaining stable catheter contact during ablation. Generally, a deep intramural focus is the likely origin of VAs originating from PMs, and achieving stable contact of the ablation catheter on the PMs during VT is difficult. The electrophysiologic and ablation characteristics of the VT in our patient (focal mechanism without entrainment) and the need for several RF applications were identical to those reported by Yamada et al. 9 However, using CARTOSOUND we confirmed that the tip of the ablation 
KEY TEACHING POINTS
The origin of VT is uncommonly located on the surface of the PMs, especially near the junction of the LV PPM and the chordae tendineae, although a deep intramural focus is the likely origin of VAs/VTs from PMs in general.
Use of 3-dimensional intracardiac echocardiography is important to monitor the stability of the catheter contact during ablation of VTs/VAs originating from endocavitary structures including PMs.
The bipolar electrogram may have more of a farfield appearance at the successful ablation site.
catheter was touching the top of the LV PPM near the chordae tendineae, which indicated that the origin of the VT was adjacent to the top of the LV PPM near the chordae tendineae. Previous studies showed that VTs originating from the LV PMs arose from the body or base of the PM. However, to the best of our knowledge there are no reports of the origin being at the top of the LV PPM near the chordae tendineae. The bipolar electrogram had more of a far-field appearance, which indicated the VT originated from a deep intramural focus. However, we believe that the origin of VT was located near the junction of the LV PPM and the chordae tendineae because the target VT was terminated just after delivery of RF energy.
Three-dimensional intracardiac echocardiography has been used to assist with catheter ablation. Seiler et al 10 reported that better catheter contact on the lateral aspect of the LV PPM could be established using intracardiac echocardiography, and thus a high rate of ablation success could be achieved. Our successful catheter ablation was due in part to use of CARTOSOUND during RF energy delivery to monitor the stability of the contact between the catheter tip and the top of the LV PPM near the chordae tendineae. Moreover, PMs are situated within the LV cavity and are surrounded by other endocavitary structures with electrical properties, including false tendons, aberrant chords, and Lancisi fibers, which could play a role in VTs/VAs. By careful echocardiographic examination using CARTO-SOUND, we could not find any endocavitary structures other than the PM in our patient. Our results indicate that a 3-dimensional intracardiac echocardiography image integration system (CARTOSOUND) is useful for identifying detailed structures in the LV cavity and for monitoring the stability of catheter contact during ablation of VTs/VAs originating from endocavitary structures, including PMs. CMR imaging has been used recently to identify cauterized ablation lesions and their size after RF catheter ablation of VT. 7 In addition to intracardiac echocardiography, which confirmed that the successful ablation site was located at the top of the LV PPM near the chordae tendineae, CMR imaging with delayed enhancement after ablation in our case showed that the cauterized lesion was relatively superficial and included the top of the LV PPM. However, we could not perform CMR before ablation, so a study limitation is that we could not compare CMR imaging before and after ablation.
This case report describes VT originating from the top of the LV PPM near the chordae tendineae. The origin of the VT was confirmed by 3-dimensional intracardiac echocardiography and cardiac magnetic resonance imaging. Three-dimensional intracardiac echocardiography facilitates catheter ablation of VAs originating from endocavitary structures such as PMs by identifying detailed structures in the LV cavity and ensuring stable contact of the ablation catheter during energy delivery.
